Ocular metastasis occurs more frequently than primary eye cancer in both females and males.^[@R1]--[@R16]^ In a series of 420 patients with uveal metastasis from Philadelphia, USA, including 283 females and 137 males, the most common primary cancer sites (in descending order) in females included breast, lung, gastrointestinal tract, cutaneous melanoma, and kidney, whereas the most common sites in males were lung, gastrointestinal tract, prostate, kidney, and cutaneous melanoma.^[@R2]^ From Liverpool, England, an analysis of 53 males and 43 females with uveal metastasis revealed that the most common primary cancer sites in females were breast, followed by lung, uterus, and ovary, whereas the primary sites in males were lung, esophagus, prostate, and stomach.^[@R3]^ Additional reports have focused on ocular metastasis to specific uveal tissues or analyzed ocular metastasis from specific primary sites, including breast, lung, and pancreatic cancers, and others.^[@R4]--[@R16]^

Lacking in these studies is a robust statistical comparison of patient demographics, tumor features, and overall survival based on patient sex. Herein, we report a large series of patients with uveal metastasis and analyze results based on patient sex, including primary cancer site, clinical features of the tumor, and overall patient survival.

METHODS
=======

Patients with uveal metastasis from the Wills Eye Hospital, Philadelphia, PA, who were evaluated between January 1, 1974, and June 1, 2017, were included. Patients with lymphoproliferative disorders, such as lymphoma, leukemia, and multiple myeloma, were excluded. This analysis adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of Wills Eye Hospital.

Data included patient demographics, primary cancer site, uveal metastasis clinical features, tumor management, and survival outcome. Demographic data included patient age at the time of ocular diagnosis, sex, and race. Primary cancer information included site of primary malignancy (breast, lung, kidney, gastrointestinal tract, skin, prostate, thyroid, pancreas, others, unknown), date of primary cancer diagnosis, and interval between primary cancer diagnosis and uveal metastasis. Follow-up interval and overall survival data were collected.

Clinical features included patient symptoms, involved eye (right, left), laterality (unilateral, bilateral), visual acuity, and intraocular pressure. The total number of metastases per eye, anatomic location of the uveal metastases (iris, ciliary body, choroid), tumor basal dimension (millimeter), thickness (millimeter), and color (yellow, orange, brown, other) were recorded. All tumors were counted; however, if multiple metastatic tumors were present in a single eye, detailed data were recorded for only the largest tumor per uveal tissue (iris, ciliary body, choroid). For iris metastases, presence of hyphema was recorded. For choroidal metastasis, distance to the foveola and optic disc (millimeter), presence of subretinal fluid, and ultrasonographic acoustic quality (dense, hollow) were recorded.

All data were tabulated on Microsoft Excel 2016 and measures of central tendencies (mean, median, range) were obtained using built-in functions. Independent 2-sample *t* test was used to assess statistical significance between continuous data whereas Fisher exact test and chi-square test were used for categorical data. Five-year Kaplan-Meier (KM) survival analysis was performed by grouping censored and death data into half-month intervals. Log-rank test was used to assess statistical significance among KM data and hazard ratios with 95% confidence intervals were calculated. A *P* value \<0.05 was considered statistically significant for all tests.

RESULTS
=======

There were a total of 2214 uveal metastases in 1310 eyes of 1111 patients. Demographics and clinical features based on patient sex are listed in Table [1](#T1){ref-type="table"}. There were 715 (64%) females and 396 males (36%). A comparison (female vs male) revealed significant difference in mean age at ocular diagnosis (58 vs 63 years, *P* \< 0.001), bilateral involvement (21% vs 11%, *P* \< 0.001), and mean visual acuity (20/80 vs 20/150, *P* \< 0.001). Of the 1111 patients, most were white (88%) with no difference in race distribution between sexes.

###### 

Demographics and Clinical Features of Patients
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The primary cancer site by sex is listed in Table [2](#T2){ref-type="table"}. By comparison, uveal metastasis from breast cancer was more common in females (58% vs 1%, *P* \< 0.001), whereas metastasis from lung (19% vs 40%, *P* \< 0.001), kidney (2% vs 9%, *P* \< 0.001), gastrointestinal tract (1% vs 8%, *P* \< 0.001), cutaneous melanoma (1% vs 5%, *P* \< 0.001), and prostate cancer (0% vs 6%, *P* \< 0.001) was more common in males. Unknown primary cancer site was more common in males (11% vs 21%, *P* \< 0.001). The primary cancers classified as other are listed as a footnote in Table [2](#T2){ref-type="table"}.

###### 

Primary Cancer Site
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Clinical features of uveal metastasis by sex are listed in Table [3](#T3){ref-type="table"}. By comparison, there was no difference per sex in distribution of iris metastasis (7% vs 6%), ciliary body metastasis (2% vs 2%), and choroid metastasis (91% vs 92%). There was significantly more mean number of metastatic tumors per eye in females (1.8 vs 1.6, *P* = 0.04). Regarding choroidal metastasis, there were significant differences in mean tumor base (9.1 vs 10.3 mm, *P* \< 0.001), mean tumor thickness (2.8 vs 3.9 mm, *P* \< 0.001), yellow color (88% vs 81%, *P* = 0.002), brown color (3% vs 7%, *P* = 0.001), and presence of subretinal fluid (68% vs 79%, *P* \< 0.001).

###### 

Metastasis Features
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KM survival estimates at 1, 2, 3, 4, and 5 years are listed in Table [4](#T4){ref-type="table"}. Considering all uveal metastasis by sex, there were differences in KM survival at 5 years (31% vs 21%, *P* \< 0.001) and mean survival (19.8 vs. 12.6 months, *P* = 0.03) (Fig. [1](#F1){ref-type="fig"}). Regarding specific primary cancer sites per sex, a significant difference in KM survival at 5 years was found with primary lung cancer (24% vs 9%, *P* = 0.04). In the KM analysis, 489 females were censored, compared with 272 males, during the 5-year interval.

###### 

Kaplan--Meier Survival Analysis and Mean Survival
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![Kaplan-Meier survival analysis for patients with uveal metastasis based on sex. CI indicates confidence interval; HR, hazard ratio for death (female/male).](ap9-8-298-g005){#F1}

Multiple post-hoc analyses were performed. When breast cancer was removed from the female cohort, a comparison of female versus male revealed mean age (60 vs 63 years, *P* = 0.007), bilateral metastases (15% vs 11%, *P* = 0.142), and mean number of tumors per eye (1.7 vs 1.6, *P* = 0.34). When looking only at the female cohort, a comparison of tumor diameter and thickness between breast cancer primary site versus all other primary tumor types revealed a statistically significant difference in tumor thickness (2.4 vs 3.4 mm, *P* \< 0.001), but no difference in tumor diameter (9.3 vs 8.9, *P* = 0.28). For patients with primary lung cancer, tumor diameter was smaller in females compared with that in males (9.2 vs 11.0, *P* = 0.005) whereas tumor thickness was similar (3.4 vs 3.7, *P* = 0.25). When comparing breast cancer versus lung cancer in all patients, subretinal fluid was more common in lung cancer metastasis (67% vs 78%, *P* \< 0.001), whereas bilateral disease was more common in breast cancer metastasis (26% vs 14%, *P* \< 0.001).

DISCUSSION
==========

Our findings in 1111 patients support what has been reported in 2 other large series on uveal metastasis by Shields et al^[@R2]^ (420 patients) and Konstantinidis et al^[@R3]^ (96 patients), in that the most common primary cancer to metastasize to the uvea was breast cancer in females and lung cancer in males. We found additional important details in uveal metastatic disease per sex. We note that the mean age at diagnosis of uveal metastasis in females (58 years) was significantly younger than in males (63 years) (*P* \< 0.001). This age difference was likely because of the predominance of breast cancer in females (58% of uveal metastasis in females) and lung cancer in males (40% of uveal metastasis in males), given that the mean age at breast cancer diagnosis in the United States is 61 years, somewhat lower than the mean age at lung cancer diagnosis of 70 years.^[@R1]^ Shields et al^[@R2]^ reported an average age of 58 years at time of uveal metastasis for all patients, most likely driven by the large cohort of females with breast cancer metastasis (47% of patients) in that study. In a series of 264 cases of uveal metastasis^[@R12]^ from breast cancer specifically, the average age at diagnosis was 56 years (median 57, range 23--84), slightly younger than the female cohort in our study. In a series of 194 patients with uveal metastasis^[@R13]^ from lung cancer specifically, the mean age at diagnosis was 62 years (55% male), slightly younger than the average age of men in our study. When patients with primary breast cancer were removed from the female cohort in our study, the mean age at uveal metastasis diagnosis in females increased from 58 to 60 years, but continued to demonstrate significant difference when compared with males (63 years) (*P* = 0.007). This suggests that other factors, apart from the predominance of breast cancer in females and the related younger age of onset, might be responsible for the age difference between females and males with uveal metastasis.

By comparison (female vs male), we found a relatively lower number of metastasis from lung (19% vs 40%), kidney (2% vs 9%), gastrointestinal (1% vs 8%), and cutaneous melanoma (1% vs 5%) malignancies in females. According to the US Centers for Disease Control and Prevention,^[@R1]^ the 2014 incidence rates (per 100,000) of these primary cancers in females versus males revealed lung (50.8 vs 68.1), kidney (11.3 vs 22.0), colorectal (33.7 vs 44.0), and cutaneous melanoma (16.9 vs 27.6).^[@R1]^ The lower incidence rates of these cancers in females correlate with the fewer related uveal metastasis. The lower percentage of brown choroidal metastases in females was likely because of the lower percentage of cutaneous melanoma metastasis in females.

Previous reports have revealed the bilateral and multifocal nature of uveal metastasis from breast cancer compared with other primary cancer types.^[@R2],[@R3],[@R12],[@R13]^ The high rate of uveal metastasis from breast cancer in females likely contributed to the increased proportion of bilateral uveal metastasis and increased number of tumors per eye in females in this study. In other reports, bilateral uveal metastasis from breast cancer has ranged between 18% and 33% of patients, whereas bilateral uveal metastasis owing to lung cancer was less common, ranging from 14% to 20%.^[@R2],[@R3],[@R11],[@R12]^ Our data showed that 26% of patients with uveal metastasis from breast cancer demonstrated bilateral involvement compared with 14% of patients with metastasis from lung cancer (*P* \< 0.001). When we removed breast cancer patients from the female cohort, the percentage of bilateral uveal metastasis in females was reduced to 15%, still higher than in males (11%), but without significance (*P* = 0.14). Similarly, when breast cancer was removed from the female cohort, the mean number of tumors per eye in females decreased from 1.8 to 1.7 and failed to demonstrate significance when compared with a mean of 1.6 tumors per eye in males (*P* = 0.34). These analyses support previous suggestions regarding the particular bilateral and multifocal nature of uveal metastasis from breast cancer.^[@R2],[@R3],[@R12],[@R13]^

Females demonstrated smaller choroidal metastases in base (9.1 vs 10.3 mm, *P* \< 0.001) and thickness (2.8 vs 3.9 mm, *P* \< 0.001) compared with males. A previous report documented a tendency toward thinner tumors in metastatic breast cancer (mean 2 mm thickness), compared to lung (3 mm), gastrointestinal (4 mm), kidney (4 mm), prostate (3 mm), and unknown (3 mm).^[@R2]^ In the current analysis, we compared females with choroidal metastasis from breast cancer to females with metastasis from all other primary sites and found no significant difference in tumor basal diameter (9.3 vs 8.9, *P* = 0.28), but noted that tumor thickness was significantly less in those females with breast metastasis (vs others) (2.4 vs 3.4 mm, *P* \< 0.001). The overall difference in choroidal metastasis thickness (thinner in females) was possibly because of the flatter nature of choroidal metastases from breast cancer and the high proportion of breast cancer in the female cohort. When comparing females and males with choroidal metastasis from lung cancer, there was no significant difference in tumor thickness (3.4 vs 3.7, *P* = 0.25); however, tumor basal diameter was significantly smaller in females (9.2 vs 11.0, *P* = 0.005). The overall difference in choroidal metastasis basal diameter (larger in males) is possibly explained by the high proportion of lung cancer in the male cohort.

The smaller tumor size in females (base and thickness) could be responsible for the fewer number of tumors associated with subretinal fluid in females (68% vs 78%, *P* \< 0.001). However, when comparing all patients with breast cancer metastases to all patients with lung cancer metastases, subretinal fluid was far more common with lung cancer metastases (67% in breast vs 78% in lung, *P* \< 0.001). This is possibly explained by the larger tumor base of metastasis from lung cancer or the possibility that choroidal metastases from different primary sites display different exudative profiles. Other sex-related differences, such as better mean visual acuity in females, could be multifactorial with smaller tumor size, less frequent subretinal fluid, and younger age contributing. There was no sex difference in the precise distances of choroidal metastasis from the visually vital optic disc and foveola.

Relatively few studies have addressed overall survival for patients with uveal metastasis.^[@R2]--[@R5],[@R11]--[@R13]^ Freedman and Folk^[@R4]^ reported that patients with metastasis to the eye and orbit from breast cancer (55 patients) lived longer (mean survival time = 22 months) than those with metastasis owing to lung cancer (16 patients) (mean survival time = 6 months). A recent comprehensive analysis from our department on prognosis of uveal metastasis based on primary cancer site (1111 patients) revealed 1-year and 5-year KM survival estimates of 57% and 24% for all primary cancer sites. In that analysis, patients with uveal metastasis from breast cancer versus lung cancer had 5-year KM survival estimates of 25% versus 13%, with a statistically significant difference. In a report specifically regarding breast cancer metastasis to the uvea, 1-year and 5-year KM survival estimates of 65% and 24%, respectively, were reported.^[@R12]^ With specific investigation of lung cancer with uveal metastasis, survival at 1-year was 45% and there was no information on 5-year survival.^[@R13]^ In this analysis of 1111 patients with uveal metastasis based on sex, we note that overall 1-year and 5-year KM survival for females (66% and 31%, respectively) and males (47% and 21%, respectively) resemble those listed above, specifically for breast and lung cancer.^[@R12],[@R13]^ It is likely that the predominance of uveal metastasis from breast cancer in females and the predominance of lung cancer in males are responsible for the overall survival differences per sex; however, other factors, like patient age, tumor size, and malignant potential of each specific tumor type, could be contributory. In particular, when focusing on survival after uveal metastasis from lung cancer by sex, 5-year survival in females (24%) was significantly longer than males (9%). This could be because of younger age of females with lung metastasis compared with males (61 years vs 64 years, *P* = 0.04), tumor size, and other factors.

This is a large series encompassing a broad time period and the survival data reported herein are possibly limited by the broad grouping of survival outcomes. Given that survival for some patients with metastatic cancer has increased in recent years, a study addressing survival trends of patients with uveal metastasis through the decades could be of interest.^[@R17]^

In conclusion, over a 43-year span at a major ocular oncology center, uveal metastasis was more common in females (64%) than males (36%). Females most commonly presented with metastasis from breast cancer (58%), whereas males most commonly demonstrated underlying lung cancer (40%). Females presented at a younger age, with better visual acuity, more bilateral metastases, smaller tumor size, and less frequent association with subretinal fluid, compared with males. After detection and management of uveal metastasis, overall survival was significantly better in females compared with males. Understanding sex differences in uveal metastasis can provide better understanding in patient care.
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